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Water Quality Assessment
Dale Hollow Lake and Its Inflows

John A. Gordon
Tennessee Technological University
Cookeville, TN 38505
INTRODUCTION

Dale Hollow Lake presently has very good overall water dJuality as
evidenced by several reports. EPA (1975) classed Dale Hollow Lake as
mesotrophic based upon sampling in 1973 and 1974. EPA (1975) also sampled
nine tributaries and the municipal waste flows of Albany and Jamestown.
Primary productivity was low and growth was limited by phosphorus and not
nitrogen.

Ragsdale and Bulow (1975) classified Dale Hollow Lake as oligotrophic
based upon sampling in 1971 and 1972. They based this classification on
the appearance of numerous oxygdgen maxima and uniformly high dissolved oxygen
values. The oligotrophoc classification was also the conclusion of Gordon
(1976) who used the scheme of Dillon (1975) to classify the lake.

Since Dale Hollow Lake is such a high quality resource, it should
be protected and its condition mantained if possible. The Nashville
District, U.S. Army Corps of Engineers, became corcerned that the current
database was inadequate for the streams flowing into the lake and recommended
that more information be gained on these inflow streams. Possible threats
to the lake include changing land uses such as mining, forestry, agriculture,
oil and gas drilling, and urbanization. Thus, a survey of inflow streams

and lake water quality was performed during May through November, 198S5.

OBJECTIVES/PURPOSE
The purpose .f the survey was to determine the quality of the major

inflows into Dale Hollow Lake and to evaluate the effect of these inflows
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on the present and future water quality of the lake. The objective was
to determine if the high level of water quality in the lake is threatened
or if it can be expected to continue into the future. In essence, the
inflowing streams were to be ‘'screened' in order to identify any problem
areas. The potential impacts were to be screened under varying hydrological

conditions.

STATIONS AND METHODS

Inflowing Streams

The stations sampled were as follows:

#1 Irons Creek Mile 4.4
#2 Eagle Creek Mile 5.3
#3 West Fork Obey River Mile 7.5
#4 Big Indian Creek Mile 0.4
#5 East Fork Obey River Mile 12.6
$#06 Franklin Creek Mile 0.6
47 Wolf River Mile 22.7
#8 Spring Creek Mile 2.7
%9 Little Sulphur Creek Mile 4.2
#10 Illwill Creek Mile 9.5
#11 wWilliams Creek Mile 2.5
#12 Sulphur Creek Mile 6.2

All streams were sampled at a flowing location just upstream of the
reservoir. Access was generally from roads and bridges permitting all-
weather sampling.

Samples for laboratory analysis were collected at each location and
held/preserved in such a manner as to insure that no degradation occurred
prior to analysis. Each sample was tagged for proper identification and
all data sets were taken on the same day. Parameters measured in the labora-
tory were:

Hardness Ammonia Cadmium

Alkalinity Total Phosphorus Total Chromium
Acidity Iron Copper

e et e e



Chlorides Manganese Nickel

Sulfates Sodium Lead

Total Solids Z2inc Potassium
Dissolved Solids Aluminum Kjeldahl Nitrogen
Suspended Solids Barium Calcium

Calcium Magnesium Nitrate and Nitrite

Parameters measured in the field were:

Temperature Specific Conductivity
Dissolved Oxygen Turbidity
pH Flow

The field parameters of temperature, dissolved oxygen, pH, and specific
conductivity were measured with a calibrated Hydrolab Surveyor system,
turbidity with a Hach field turbidimeter, and flow with a Marsh-McBirney
magnetic current meter. The laboratory analyses were run using currently
accepted analytical techniques approved by the Government. Documentation
of these techniques is available upon request.

Quality control was assured by proper standardization of all instru-
ments, wusing duplicate, spiked, and EPA reference samples. The quality
control program was documented and the results are available upon request.
(Call TTU Water Center, 615-528-3507.)

Surveys were conducted on May 13, June 5, July 16, August 21, September
17, October 7, and November 4, 1985, on the inflow streams. All streams
were thus sampled seven times except for Little Sulphur Creek which was
not sampled in May.

Lake Surveys

The stations sampled on Dale Hollow Lake were as follows:

Obey River Mile 32.7
Obey River Mile 27.2
Wolf River Mile 8.7
Obey River Mile 16.7

Obey River Mile 7.8




All stations were sampled at the deepest point 1in the cross-section
at intervals of 1 to 3 meters in depth. Temperature, dissolved oxygen,
specific conductance, pH, oxidation/reduction potential, and depth were
measured with a Hydrolab Surveyor system. Turbidity was measured with
a Hach field turbidimeter, fluoroescence with a Turner Designs Model 10
fluorometer using a flow-through cell, Secchi depth with a Secchi disk,
and the light extinction coefficient with a Whitney submarine photometer.
The photometer readings were converted to extinction coefficients using
a linear regression technique. A 12-volt pump and 3/4 inch hose was used
to pump water to the surface. Quality control consisted of proper calibra-
tion of all instruments.

l.ake Surveys were conducted on July 10-11, August 23, and October

3, 1985,

DATA PRESENTATION - DALE HOLLOW INFLOWS

The data collected during the inflows are shown by Tables 1 through 4.
There are 132 cclumns of data, 12 stations, and 7 sampling periods which
produced 2,056 data points. Obviously, these data cannot be explained
without the use of data reducti n techniques such as plotting.

The data are first summarized by plotting parameter values for each
station as shown by tables which follow. Each parameter will be discussed
briefly in the following paragraphs. Not all parameters will be summarized
with graphs.

Flow

The objective of assessing water quality at varying hydrological condi-

tions was only partially met even though the span of the surveys was

increased by two months in order to increase the measurement of water quality
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atr nigh flows. Tt turned out that 1985 was the second driest yeaf on record
fcr Tennessee; therefore, this study was done under low-flow conditions.

Figure 1 is a plot of flow versus station for 1985. Stations 1 through
12 are described under the earlier section on stations. Stations 1,4,6,
and 9 all had flows less than 3 c¢fs during the survey (Irons, Big Indian,
Franklin, Little Sulphur Creeks). The stations having the greatest flow
variation were 2,3,5, and 7 (Eagle, West Fork Cbey, East Fork Obey, and
wWolfi. The flow in the West Fork Obey was low throuqhout the survey as
Carrithers and Bulow (1973) reported a mean flow at the sampling location
of 161 cfs from 1942 to 1968. In a similar fashion, USGS (1985) reported
a mean flow of 426 for the East Fork Obey River based upon 42 years of
record. All survey flows were below the average at this station. USGS
(1982, reported the mean flow of the Wolf River to be 178 cfs. Only one
value exceeded the average during these surveys on the Wolf River. USGS
(1982) also reported that the principal factor affecting the annual average
flow is the size of the drainage basin (i.e. the runoff in cfs/mi’ is
relatively constant) and that actual streamflow varies with time and place.

Thus, flows during this survey were less than average and onlv a few
stations had widely varying flows.
Temperature

No unusual occurances were observed in the inflow temperatures during
the survey at any station.

Dissolved Oxygen

DO was uniformly high throughout the survey at all stations except
Irons Creek which had a couple of low DO values and little Sulphur which

had one moderate value.
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The minimum observed pH was 7.3 and the maximum was 8.7. Al! pH valuesg
werc within a satisfactory zone for fish and aquatic life.
Turbidity

Some stations had occasional high turbidity 1levels which were caused
by runoff events. Plots of flow and turbidity did not show good relation-
ships. Plots of temperatures, DO, pH, and turbidity at each station as
a function of time are shown by Figures 2 through 13. Figures 14 through
16 show the generally poor relationship between flow and turbidity.
Conductivity

Specific conductivity can show the presence of objectionable quantities
of dissolved solids. Figure 17 clearly shows that Stations 4,6,%,9,10,11,
and 12 have conductivities above 400 (Big Indian, Franklin, Spring., Little
Sulphur, Illwill, Williams, and Sulphur).

Alkalinity

Alkalinity was very low in the FEast Fork of the Obey River as shown

below:
5/13/85 10 mg/1 09/17/85 52 mg/1
6/05/85 20 mg/1 10/07/85 22 mg/1
7/16/85 49 mg/1 11/4/85 42 mg/1

8/21/85 77 mg/1

All other stations had adequate alkalinity at all times.
Hardness

Hardness was high at Stations 4,6,8,9,10,11, and 12 (Indian, Franklin,
Spring, Little Sulphur, Illwill, Williams, and Sulphur) with values over
200 mg-1l. Values above 500 mg/l were noted at Stations 10,11, and 12.
Figure 18 shows hardness at each station and Figure 19 shows that all hard-
ness is noncarbonate hardness associated with ca‘t*t, Mg*t, Fe**!, and Alt*t

ions. Hardness was also calculated based upon the measured concentrations
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of cCa't and Mg** giving the results shown by Ffigure 20, The narrow range
of fit to the 45-degreoc line shows that hardness is mostly caused o/ Ja '
arnidd Mg A
Chlorides

Figure 21 shows that chlorides are high at Stations 4,8,10, and 1]
(Big Indian, Spring, 111lwill, and Williams). Chlorides «<ould originate
from oil and gas drilling, springs, or industrial sources.
Sulfates

Sulfates greater than 75 mg/l are often associated with sulfur springs,
acid mine drainage, and oil and gas drilling. Figure 22 shows that many
stations exceed this value. Stations 1,4,5,6,8,10,11, and 12 all had high
sulfate values. Some of these streams are known to have sources of acad
mine drainage, most notably the East Fork Obey River (Station 5).
Solids

Most solids were dissolved throughout the survey except when nigh
turbidities were present. Few suspended solid lcveis exceeded 100 mg/l.
High levels of chlorides and sulfates and high levels of digsolved solids
were complimentary.
Nitrogen

Ail nitrogen species were low throughout the survey. This generally
indicates a lack of municipal pollution in these streams.
Phosphorus

Most total phosphorus 1levels were quite low throuchout the survey.
Spring Creek constantly had elevated phosphorus levels and Little Sulthur
occasionally had high concentrations.
Iron

Total iron above 500 pg/l can be an indication of acid mine drainage.

Stations 2,5, and 9 had more than one value above this level. 0f course,




spring water also has high iron on occasion. Figure 23 shows the iron
values rerarded during the survey.
Manganese

Manganese above 500 pg/l can also indicate acid wmine drainagn or qgrouand
water. Figure 24 shows the manganese levels recorded during the survey.
No stations were in excess of 500 ug/l but high levels were cvident at
Stations 1,5,9, and 11.
Aluminum

Aluminum above 300 ug/l can be caused by acid wmine drainage. ligure
25 shows that Station 5 was the only station having a value in excess of
this. In general, aluminum values declined during the survey perind.
zinc

Most zinc values were below 500 pg/l. Occasional higher valves were
noted out not repeated. Zinc values also had a tendency to decrease during
the survey. Figure 26 shows the zinc concentrations recorded.
Barium

sarium levels were low at all stations witnh all concentrations Jess
than 7/ ug/1.

Calcium and Magnesium

These elements were earlier correlated with measured hardness. “'he
lowest values of calcium occurred in the East Fork Obey River.

Cadmium, Chrome, Copper, Nickel, and Lead

These elements were not detectable during the survey.
Potassium
A few elevated levels of potassium were noted during the survey and

are noted as follows:




Station 5/13 6/5 /16 3/21 9/17 10/7 11/4
9-L. Sulphur * 1.6 7.9 7.7 10.3 4.5 9.6
10-I11will 2.6 3.1 3.4 4.3 4.1 3.9 4.¢

(Concentrations in mg/1)

Summary

The water quality of the Dale Hollow inflows is discussed Ly streuam
in the following paragraphs.

Irons Creek is a small creek having 1low flows (0.01 to 2.4 cfs).
It recorded a couple of low DO values, slightly elevated sulfates, and
moderately high manganese. 1In all, water quality here is good.

Eagle Creek did not show any water quality problems during the survey.
It has moderate flow and some turbidity during runoff.

West Fork Obey River is an important, high flow, high quality stream

having no apparent problems.

Big Indian Creek is a low flow stream which was noted to have bhigh

conductivity, hardness, chlorides and sulfates. A single high =zinc value
was recorded. This stream had low turbidity, good visual quality, and
minnows were always present. Some investigation of its drainage is recom-
mended.

East Fork Obey River is a high flow stream which had problems with

low alkalinity, high sulfates, iron, manganese, aluminum, zinc, and calcium.
The river is strongly affected by acid mind drainage as reported by Nichols
and Bulow (1973). The location of the survey 1is at a recovery point and
bedding sunfish were noted throughout the survey. A qrab sample at East

Fork Obey River at mile 26.4 (13.8 miles upstream) showed the following

characteristics:
Date EFORM  pH Cond. Mn Fe Al S04 TDS
12/10/85 26.4 2.8 680 2,852 5,940 14,420 249 442

pmho/cm  ug/1 ug/1 ug/1 mg/1 mg/1




Obviously, the East Fork Obey River is strongly impacted by acid mine

drainage. The lake is spared an impact because of some 6 miles of
subterranium drainage between mile 26.4 and about mile 20. A careful
analysis of water quality in this stream is in order. All mines are now

closed and it would appear that some OSM Abandoned Mine Lands Money should
be invested in this drainage.

Franklin Creek is a small stream draining a forested area containing

some surface mines on Double Top Mountain. Franklin Creek had high
conductivity, hardness, and sulfates during this survey. 1t was similar
to Big Indian Creek except for chlorides.

Wolf River is a high-flow, high-quality tributary of Dale Hollow iake.
No water quality problems were evident.

Spring Creek is a moderate-flow stream with some water quality prcbiems.
Its conductivity was high along with hardness, chlorides, sulfates, and
phosphorus. A slime growth was evident during the first several surveys
which may have indicated some organic contamination.

Little Sulphur Creek is a low-flow stream which was surrounded with

0il wells and storage. It showed problems with DO, alkalinity, phosphorus,
iron, manganese, and potassium. More than likely, upstream cattle feedlots
and pastures are the source of the problem.

I1lwill Creek is a moderately flowing stream which showed elevated

levels of conductivity, hardness, chlorides, sulfate, and manganese. The
source of these contaminants should be investigated.

Williams Creek is a small spring-fed creek of low bhase flow. The

springs feed the creek just above the sampling point and have a sultur- like

odor. Some very slight oil residue appears in the creek from adijacent
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o1l fields. As might he expected, Wililiamrs has high conductivity, hardness,

chlorides, sulfates, and manganese. ©No real problems are evident, however.
Sulphur Creek is a moderately flowing, high-quality stream with moderatc

levels of conductivity, hardness, and sulfates. Fish and aquatic life

were always present. No problems are evident.

DATA PRESENTATION - DALE HOLLOW LAKE
The data collected on Dale Hollow Lake are presented by Table 5,
These data confirm that the lake is a high-quality resource. The water
was very ~lear, few algae were present, turbidity was very low, pH modera-va,
and conductivity in the low range. Dissolved oxygen was present at all
depths except in the Wolf River embayment. Temperature and DO relationships
should support the present two-level fishery into the future. No lake-

related water quality problems are apparent.

CONCLUSIONS

ale Hollow Lake is a high quality, nearly olifgotrophic lake. Most
of its inflowing streams and Rivers are of rioderate flow, averaging apout
1.5 c¢fs/mi? of drainage. The 1Irons Creek, Eagle Creek, West Fork Obey
rRiver, Wolf River, Williams Creek, and Sulphur Creck inflows appear to
e free of problems. The worst potential problem area is the FEast Fork
Obey River which should be the target of an in-depth investigation of 1its
acid mine drainage problem. Lesser investigations are recommended for
Big Indian Creek, Franklin Creek, Spring Creek, TLittle Sulphur <Crecek, and

I11will Creek to determine the sources of their problems.
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